Muon Magnetic Moment and Lepton Flavor Violation in the Economical 3-3-1
  Model by Cogollo, D.
Muon Magnetic Moment and Lepton Flavor Violation in the Economical 3-3-1 Model
D. Cogolloa∗
aDepartamento de Fı´sica, Universidade Federal de Campina Grande,
Caixa Postal 10071, 58109-970, Campina Grande, PB, Brazil
In this work we compute all relevant contributions stemming from the economical 3-3-1 model to the muon
magnetic moment and the lepton flavor violation decay µ→ eγ. Using the current bounds on these phenomena,
we derive lower limits on the scale of symmetry breaking of the model. Moreover, taking into account existing
limits from meson and collider studies we show that there is still room for a possible signal in µ → eγ in the
near future.
I. INTRODUCTION
The Standard Model (SM) has passed all precision tests
thus far and therefore it provides an accurate descriptions of
the fundamental laws of nature. Although, we have observa-
tional and experimental evidences for going beyond the stan-
dard model such as the existence of neutrino masses [1, 2]
and dark matter [3, 4]. From that perspective 3-3-1 mod-
els are quite plausible extensions of the SM. 3-3-1 models
stand for electroweak extensions of the SM, where left-handed
fermions are arranged in the fundamental representation of
SU(3)L. Such models can naturally explain the number of
generations [5, 6], might offer plausible dark matter candi-
dates with gripping phenomenology [4, 7–32], explain neu-
trino masses through the seesaw mechanism [33, 34], feature
interesting connections to cosmology [35–39] and prospects
to collider physics [40–44], among others [38, 45–58]. In
this work we will focus our attention on the ecoomical 3-
3-1 model, which has in its scalar sector two scalar triplets
[59], and discuss the long standing discrepancy on the muon
anomalous magnetic moment and the lepton flavor violating
decay µ→ eγ (see [60] for a recent review).
The muon anomalous magnetic moment, g-2, is one of the
most precisely measured quantities in particle physics, reach-
ing a precision of 0.54 ppm. Ever since the first experimen-
tal limits were reported, a discrepancy between the SM pre-
diction and the experimental value on g-2 has been observed.
Today this anomaly is in the ballpark of 3.6σ, leading to sev-
eral speculations in the context of 3-3-1 models [15, 61–65].
In this work we will assess the possibility of explaining g-2 in
the context of the economical 3-3-1 model.
A much more appealing phenomena is lepton flavor vio-
lation. The existence of lepton flavor violation (LFV) has
tremendous implications to particle physics, since any sig-
nal of LFV would constitute an irrefutable proof the existence
of new physics not far from the TeV scale. Given the cur-
rent limits on LFV, new physics effects should live at energies
above the TeV scale. In this work we focus the attention on
the µ → eγ rate since it has a much larger rate than other
LFV observables [60]. Our goal as far as LFV is concerned
is to derive limits on the scale of symmetry breaking of the
economical 3-3-1 model and check whether a possible signal
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in this decay mode can be originated in this model in the light
of current and future constraints from other sources.
The paper is structured as follows: In section II we dis-
cuss the model; in section III we address existing constraints
and discuss future experimental sensitivities. In section IV
we present our results for g-2; in section V we discuss LFV;
finally in section VI we draw our conclusions.
II. THE ECONOMICAL 3-3-1 MODEL
The Economical 3-3-1 model is a model that inherits the
fermion content of the well-known 3-3-1 model with right-
handed neutrinos but featuring a reduced scalar sector, thus
anomaly free. In what follows we discuss separately the key
ingredients that will allow the reader to follow our reasoning.
A. Fermion Fields
The model has the following particle content,
ψiL =
 νiei
νci

L
∼
(
3,−1
3
)
, eiR ∼ (1,−1),
Q1L =
 u1d1
U

L
∼
(
3,
1
3
)
, QαL =
 dα−uα
Dα

L
∼ (3∗, 0),
uiR ∼
(
1,
2
3
)
, diR ∼
(
1,−1
3
)
UR ∼
(
1,
2
3
)
, DαR ∼
(
1,−1
3
)
. (1)
where i = 1, 2, 3, and α = 2, 3.. The values in the parentheses
represent the quantum numbers under the (SU(3)L,U(1)X)
symmetry. In this model the electric charge operator takes a
form,
Q = T3 − 1√
3
T8 +X, (2)
where Ta (a = 1, 2, ..., 8) are the generators of SU(3) and
X the charged under U(1)X . The exotic quarks U and Dα
have the same electric charge as usual up and down quarks,
i.e. with qU = 2/3 and qDα = −1/3.
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2B. Scalar Sector
The scalar sector of the model is comprised of two scalar
triplets. The pattern of spontaneous symmetry breaking is via
two steps. Firstly, the scalar triplet
χ =
 χ01χ−2
χ03
 ∼ (3,−1
3
)
(3)
developing the non-trivial vevs
〈χ〉 = 1√
2
 u0
ω
 , (4)
and in a second step the scalar triplet
φ =
 φ+1φ02
φ+3
 ∼ (3, 2
3
)
(5)
develops a vev as follows,
〈φ〉 = 1√
2
 0v
0
 . (6)
These scalars form the scalar potential,
V (χ, φ) = µ21χ
†χ+ µ22φ
†φ+ λ1(χ†χ)2 + λ2(φ†φ)2
+λ3(χ
†χ)(φ†φ) + λ4(χ†φ)(φ†χ). (7)
Notice that just two scalar triplets simplifies greatly the
scalar potential. For this reason the economical model is a
truly attractive 3-3-1 model.
C. Fermion Masses
With the scalar sector above the fermion gain masses
through the Yukawa lagrangian below,
LY = h′11Q1LχUR + h′αβQαLχ∗DβR
+heijψiLφejR + h

ijpmn(ψ
c
iL)p(ψjL)m(φ)n
+hd1iQ1LφdiR + h
d
αiQαLφ
∗uiR,
+hu1iQ1LχuiR + h
u
αiQαLχ
∗diR
+h′′1αQ1LφDαR + h
′′
α1QαLφ
∗UR + h.c. (8)
Notice that the exotic quarks U and Dα have masses pro-
portional to the vev ω, whereas the SM fermions to u, v.
Therefore, ω  u, v. One may realize that the Yukawa la-
grangian features a global symmetry (L′) which is related to
the lepton number (L) through,
L′ = L− 4√
3
T8. (9)
Using Eq.9 one finds,
L′(ψiL, Q1L, QαL, φ, χ, eiR, uiR, diR, UR, DαR) =
1
3
,−2
3
,
2
3
,−2
3
,
4
3
, 1, 0, 0,−2, 2. (10)
The field χ01 carries two units of lepton number, thus a
bilepton. Since this global symmetry is broken by the vev u,
then u is a sort of lepton-number violating parameter, which
should be very small. In our procedure we take v = 246 GeV.
Anyways, it has been shown that this Yukawa lagrangian
sucessfully explain the fermion masses according to data [66,
67]
D. Gauge Bosons
The covariant derivative of the scalar triplets is given by
Dµ = ∂µ − igTaWaµ − igXT9XBµ (11)
here the gauge fields Wa and B transform as the adjoint
representations of SU(3)L and U(1)X , with the correspond-
ing gauge coupling constants g, gX . Having in mind that
T9 =
1√
6
diag(1, 1, 1), expanding this covariant derivative we
get,
g
2
 A
√
2W+µ
√
2X ′0µ√
2W−µ B
√
2W ′−µ√
2X ′0∗µ
√
2W ′+µ C
 , (12)
where t ≡ gX/g, A ≡ W3µ + 1√3W8µ + t
√
2
3XBµ, B ≡
−W3µ + 1√3W8µ + t
√
2
3XBµ, C ≡ − 2√3W8µ + t
√
2
3XBµ,
and
W±µ ≡
W1µ ∓ iW2µ√
2
,
W ′∓µ ≡
W6µ ∓ iW7µ√
2
,
X ′0µ ≡
W4µ − iW5µ√
2
. (13)
Since we are investigating an SU(3)⊗U(1)X gauge group
there are in total nine gauge bosons with four of them belong-
ing to the SM spectrum (W±, Z,A). The new gauge bosons
are the heavy charged gauge boson W ′±, the electrically neu-
tral X0 that carries two units of lepton number, and a heavy
Z ′ boson.
In the limit ω  u, v the masses of the gauge bosons are
easily obtained and read,
3M2W =
g2v2
4
, (14)
M2W ′ =
g2
4
(u2 + v2 + ω2), (15)
M2X0 =
g2
4
(ω2 + u2), (16)
M2Z′ =
g2c2ww
2
3− 4s2w
. (17)
This is the gauge boson spectrum of the model and these
gauge bosons are the main characters of our phenomenology.
Before discussing g-2 and LFV we need to present the neutral
and charged currents.
E. Neutral and Charged Currents
The neutral and charged currents arise from the kinect terms
of the fermions, ψ¯LDµγµψL + ψ¯rDµγµψR, yielding,
LNC ⊃ f¯ γµ[gV f + gAfγ5] f Z ′µ. (18)
with,
gV f =
g
4cW
(1− 4s2W )√
3− 4s2W
, gAf = − g
4cW
√
3− 4s2W
, (19)
and
LCCl ⊃ −
g
2
√
2
[
ν¯cγµ(1− γ5) lW ′−µ + h.c.
]
, (20)
Obvisouly Eq.18 and Eq.20 are not the complete current of
the model. There are more terms involving quarks, and neu-
trinos but these will not be relevant for our discussion which
is concentrated on the charged leptonic sector.
We have gather all important ingridient for our g-2 and LFV
computation. Thus we now move these phenomena.
III. EXISTING BOUNDS
A. Meson Decays
With the enormous improvement over the experimental pre-
cision on meson decays, new physics contributions to rare me-
son decays can now be tested. In particular, data on the me-
son B decays Bs,d → µ+µ− and Bd → K?(K)µ+µ− turned
out to be great laboratories to test the existence of new vector
gauge bosons [68]. In light of no significant deviation over
the SM predictions, bounds were derived on the Z ′ mass, ex-
cluding Z ′ below ∼ 2 − 3 TeV. The uncertainty in the bound
stems from the depedence on the parametrization in the quark
mixing matrices [68].
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FIG. 1. Individual contributions from the 331 Economical model
as a function of the scale of symmetry breaking. The Z′ and W ′
contributions are negative and positive, respectively. Since the W ′
correction to g-2 is larger, the overall correction to g − 2 is positive.
B. Dilepton
In addition to meson physics, the advent of the Large
Hadron Collider (LHC) has set a new era in the search for
new physics [69]. In particular, both ATLAS and CMS col-
laborations have searched for neutral vector gauge bosons in
the dilepton channel (ee and µµ) finding no evidence, set-
ting stringent lower mass bounds on the Z ′ mass [70–72] of
various models. A speficic study for the economical 3-3-1
model was peformed in [43, 73, 74]. There the authors found
MZ′ > 3.8 TeV for 13fb−1 of integrated luminosity, possibly
reaching MZ′ > 4.9 TeV and MZ′ > 6.1 TeV for 100−1 and
1000fb−1 integrated luminosity, respectively.
C. Charged Lepton + MET
The economical 3-3-1 model predicts the existence of a
charged gauge boson that interacts with charged leptons as
shown in Eq.20. Such a W ′ when produced at the reso-
nance decays into a charged lepton plus a neutrino. There-
fore, searches for charged lepton + MET are suitable for these
charged gauge bosons [75, 76]. Since no excess has been
observed, a lower mass bound of 4.76 TeV was found with
13.3 fb−1 of luminosity at 13 TeV of center of mass energy
[73]. Moreover, future limits were projected for 100 and
1000 fb−1 of data, which would lead the exclusion of W ′
masses below 5.8 TeV and 7 TeV [73].
Now we outlined the most stringent limits on the mass of
the gauge bosons we will discuss the g-2 and µ→ eγ decay.
IV. MUON ANOMALOUS MAGNETIC MOMENT
Fundamental charged particles feature a magnetic dipole
moment (g) which according to classical quantum mechan-
4ics should be equal two. However, in the framework of rel-
ativistic quantum mechanism there are quantum corrections
beyond the tree-level which deviates g from two. This devia-
tion is parametrized in terms of a = (g − 2)/2, known as the
anomalous magnetic moment, for short g − 2.
Interestingly the SM prediction for g-2 (aµSM ) does not
agree with the experimental measurement (aµexp) at the 3.6σ
level [77] pointing to,
∆aµ = aµexp − aµSM = (287± 80)× 10−11. (21)
This long standing discrepancy has trigged several model
building efforts. Fortunately, the ongoing g − 2 experiment at
FERMILAB will shed light into this problem in the upcoming
years. If the central value remains intact, a 5σ evidence for
new physics would result, with ∆aµ = (287 ± 34) × 10−11.
Thus it is worthwhile to assess which models this discrep-
ancy can address this anomaly in agreement with current and
planned experimental limits.
In our model, the main particles contributing to g-2 are the
neutral and electrically charged gauge bosons. The scalar par-
ticles in the model lead to very suppressed contributions to g-
2 because their couplings to the muon are proportional to the
muon mass. That said, the gauge boson corrections to g − 2
are found to be [60],
∆aµ(Z
′) =
m2µ
4pi2M ′2Z
(
1
3
g2V µ −
5
3
g2Aµ
)
. (22)
∆aµ(W
′) =
1
4pi2
m2µ
M2W ′
[
g2V
(
5
6
− mν
mµ
)
+ g2A
(
5
6
+
mν
mµ
)]
,
(23)
where gV and gA are the vector and vector-axial couplings in
Eq. (19) and Eq. (20).
With these equations at hand we compute the contributions
of these gauge bosons to ∆aµ. These contributions are shown
in Fig.1 as function of the scale of symmetry breaking of the
model. Moreover, we overlay the current (projected) 1σ error
band, that reads 80 × 10−11(34 × 10−11), to derive bounds
on the scale of symmetry based upon the assumption that the
anomaly is otherwise resolved by any other means.
From Fig.1 we see that Z ′ (W ′) give rise to a negative (pos-
itive) correction to g-2. However, since the contribution from
W ′ 331 Economical model is larger, it generates an overall
positive contribution to g-2. The scale of symmetry below
1TeV needed to accommodate the anomaly is too small and it
hass been excluded by other data sets. Therefore, the 331 Eco-
nomical model cannot trully accommodate g − 2. To clearly
note this statement lets take a closer look into Eq.17. From
this equation we get that M ′Z ≈ 0.4 w. Hence the limit of
3.8TeV on the Z ′ implies w ≥ 9TeV, making it impossible
to accommodate g-2 in the economical 331 model, since we
needed w < 1TeV to do so. Moreover, the bound we get on w
by imposing the 1σ error bar aforementioned lead to a lower
limit of w > 1.4 TeV which is less competetive than collider
searches.
V. µ→ eγ DECAY
In the SM the lepton flavor is a conserved quantity and neu-
trinos are massless. Although, neutrinos experience flavor os-
cillations [78–80] constituting an experimental confirmation
that lepton flavor is violated. The mechanism responsible for
lepton flavor violation is completely unknown but there are
some proposal in the literature [76, 81, 82]. Anyways, an ob-
servation of charged LFV would necessarily imply into new
physics with huge implications to model building endeavours.
The charged current mediated by the W ′ gauge boson
might induce the non-observed decay µ → eγ. The non-
observation of this decay yields tight bounds on new physics
effects. Indeeed, current (projected) bound from MEG collab-
oration reads [83], Br(µ→ eγ) < 4.2× 10−13 (4× 10−14).
Adapting the results from [60] to our model we get,
Br(µ→ eγ) = 6.43× 10−6
(
1 TeV
MW ′
)4∑
f
(gfe∗gfµ)2,
(24)
with gfe = g UNe∗/(2
√
2) and gfµ = g UNµ∗/(2
√
2).
Hence, one can use the experimental bound on this branch-
ing ratio to place a restrictive limit on the product UNe∗UNµ
as function of theW ′ mass as shown in Fig.2. There, we over-
laid the current collider limits on the W ′ mass for 13.3fb−1
and the projected for 1000fb−1 as described before, as well
as the possible signal region for the µ → eγ decay which
is delimited by the current and future sensitivity values for
Br(µ→ eγ).
From Fig.2 we can conclude that:
(i) Depending on value of the product UNe∗UNµ of inter-
est, the µ→ eγ observable can outperform collider probes in
the search for W ′ gauge bosons.
(ii) The observation of possible signal in µ → eγ decay
might be accommodate within the economical 3-3-1 model in
agreement with current and foreseen limits.
VI. CONCLUSIONS
The economical 3-3-1 model is an attractive model where
the number of generations is addressed while featuring a re-
duced scalar spectrum in comparison with other incarnations
of 3-3-1 models. In this work we computed the relevant con-
tributions to the muon anomalous magnetic moment to show
that the Economical 3-3-1 model, while generating a positive
contribution to g-2, it cannot accommodate the anomaly since
the scale of symmetry breaking needed to explain g-2 has been
excluded by LHC probes for new physics.
Moreover, we have investigated the µ → eγ decay to
conclude that µ → eγ observable provides an interesting
probe for new physics, particularly complementary to collider
searches. Lastly, we found that in case of a positive signature
of µ → eγ in the foreseeable future, the Economical 3-3-1
model offers a plausible new physics interpretation in agree-
ment with current and future experimental limits.
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